The Chicago Area Waterway System (CAWS) is a man-made channel, which serves the Chicago area for the drainage of urban storm water and the conveyance of secondary treated effluent from the Metropolitan Water Reclamation District of Greater Chicago's (District) North Side, Stickney and Calumet water reclamation plants (WRPs). A microbial characterization of the CAWS upstream and downstream of the WRPs and from the WRP outfall was initiated by collecting dry and wet weather samples and analyzing for indicators and pathogens. During dry weather, indicator bacteria (fecal coliform [FC], E. coli [EC], enterococci [EN]) were the most abundant microbial species detected in the CAWS compared to pathogens (Salmonella spp [SA], enteric viruses [EV], adenovirus [AV], norovirus [NV] and Giardia and Cryptosporidium). Pseudomonas aeruginosa [PA] levels in the outfall samples were either lower or equivalent to the CAWS. The wet weather samples had a higher frequency of detection of indicator bacteria and pathogens compared to dry weather samples. Overall, the concentrations of pathogens in the CAWS, representing the weather conditions experienced in a recreational year, were relatively low. The study concluded that the presence of pathogens in the CAWS downstream of the WRPs were due to secondary loading of the waterway under wet weather conditions from combined sewer overflows (CSOs) and other discharges.
INTRODUCTION
The District is located within the Midwest region of the This study was initiated to generate the scientific information necessary to understand the public health uncertainties in the CAWS. The primary objective of this doi: 10.2166/wst.2009.598 study was to evaluate the impact of the secondary treated effluent from the District's three major WRPs on the microbial quality of the CAWS. In addition, a secondary objective was to investigate the impact of CSOs on the microbial quality of the CAWS. This study is the first microbiological characterization of the CAWS for fecal indicators and pathogens.
METHODS

District WRP and CAWS study area
The average plant flow and effluent operating values for each plant during the study period (2005 -2006) 
Sample collection
The purpose of dry and wet weather sampling was to capture the microbial load in the CAWS in relation to different weather conditions during the recreational season. A total of 75 dry weather samples and 50 wet weather samples were collected. The wet weather locations were spaced at significantly longer distances away from the WRPs to account for the contributions of CSOs and non-WRP discharges (Figure 1 ). Table 2 presents a summary of the microorganisms selected for this study and their respective analytical methods.
Enumeration of microorganisms
Microbial analyses were conducted in accordance with the procedures described in http://epa.gov/microbes and in
Standard Methods for the Examination of Water and
Wastewater (APHA 1998). One-step reverse transcription polymerase chain reaction (RT-PCR) was performed for the detection of the NV. The AV was calculated using the PLC/ PRF/5 (primary liver carcinoma prolactin-regulating factor) cell culture positive flasks that were also positive by PCR.
A portion of each protozoa sample was analyzed for the presence of infectious oocysts and viable cysts using cell culture (Rochelle et al. 2001 ) and vital dye method (Sauch et al. 1991) .
Statistical analysis
All the microbiological data compiled within the framework of dry and wet weather conditions were evaluated statistically using the Minitab computing software (Minitab Inc., Cary, NC) and the procedures described in Helsel 
Giardia and Cryptosporidium
Summary concentrations of the Giardia (cysts) and
Cryptosporidium (oocysts) are presented in Table 3 . During dry weather cysts were detected in 72% of the Stickney; The summary data in Table 3 indicate that the occurrence and concentration of protozoan parasites in the CAWS were generally lower than observed in other studies (Rose 1988; Rose et al. 1991; Gerba 2007; Gerba & Rose 1990; Smith & Grimason 2003; McCuin & Clancy 2004) . The low concentration of Giardia and
Cryptosporidium observed in this study can be attributed to the fact that the wastewater treated by the District's WRPs is domestic sewage, which typically has a lower concentration of protozoa compared to wastewater from cattle and other animals. The results also indicate that the majority of the recovered protozoa pathogens in this study were non-viable and/or non-infectious.
Enteric virus [EV], adenovirus [AV] and norovirus [NV]
In dry weather, a relatively small number of samples had detectable concentration of culturable EV (Table 4) period, which is higher than that was observed in the present study. In other studies the secondary treated sewage (Chau & Jiang 2004 ) and water quality model(s) to determine the contributions from point and non-point sources that are occurring and determine the factors that promote survival and/or decay of indicator and pathogens along the CAWS.
In conclusion, despite elevated levels of fecal indicator bacteria, the concentrations of actual pathogenic microorganisms in the CAWS are low during dry weather conditions, and that during wet weather events, the CSOs contribute a significant microbial load to the CAWS.
Further, the fact that pathogenic concentrations were low in the District's WRP non-disinfected secondary effluent warrants efforts to further investigate the microbial impact of all sources on CAWS water quality.
